VISUAL ABSTRACT
SUMMARY
Patients with diabetes mellitus (DM) are at increased risk for atherosclerosis-related events compared to non-DM (NDM) patients. With an expected worldwide epidemic of DM, early detection of anatomic and functional coronary atherosclerotic changes is gaining attention. To improve our understanding of early atherosclerosis development, we studied a swine model that gradually developed coronary atherosclerosis. Interestingly, optical coherence tomography, near-infrared spectroscopy (NIRS) Animal models may provide a solution. Several small animal models, such as a rodent model, have been used to unravel disease mechanisms of coronary artery disease, but their ability to mimic human coronary artery disease is limited (2) . The swine coronary artery model can be especially suitable for evaluation of human-like coronary artery disease development.
First, the anatomy and physiology of swine hearts are similar to those of human hearts. Second, swine can be rendered diabetic by injection of streptozotocin.
Third, patient-like spontaneous coronary atherosclerosis development can be mimicked by additionally feeding the swine a high-cholesterol, high-sugar diet (3); and fourth, in vivo longitudinal invasive and noninvasive imaging can be performed using imaging techniques such as optical coherence tomography (OCT), near-infrared spectroscopy (NIRS), and coronary computed tomography angiography (CCTA) (4) .
Ex vivo coronary endothelial function can be tested to compare functional with morphological coronary changes, and histology can be performed to assess the magnitude of coronary and aortic atherosclerosis at different time points (4, 5) .
Because there is little understanding about whether DM affects atherosclerosis development at the onset of coronary artery disease, the aim of our observational study was to assess whether DM affects early atherosclerosis development as assessed by OCT, NIRS, and CCTA in swine fed a high-cholesterol, high sugar ("fast-food") diet.
METHODS
This experimental study was approved by the Erasmus Medical Center Animal Ethics committee and performed in accordance with the Guide for Care and Use of Laboratory Animals (6) .
See the Supplemental Appendix for a detailed description of all anaesthesia procedures. Thirteen male crossbred (Yorkshire Â Landrace) swine w11 weeks of age, with an average weight of w30 kg were included. DM was induced in 8 randomly selected anesthetized swine by streptozotocin (single-dose intravenous injection, 140 mg/kg) (4). All swine were given a fast-food-fed (FF) diet containing 10% sucrose, 15% fructose, 25% (swine) lard, 1% cholesterol, and 0.7% sodium cholate (bile salts). Follow-up Figure 1A for the study flow chart.
Arterial access was obtained by introducing a 9-F sheath into the carotid artery to monitor blood pressure and obtain fasting blood samples to assess plasma insulin, glucose, triglyceride, total cholesterol (TC), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) cholesterol levels and lipoprotein profiles. As control, fasting blood samples were taken from 5 weight-, age-, and sex-matched crossbred swine fed standard chow. In FF-DM swine, blood glucose and ketone levels were monitored weekly by 24-h urine samples, and insulin was administered when needed to prevent ketoacidosis. To obtain lipoprotein profiles, we used density gradient ultracentrifugation and measured cholesterol and triglyceride concentrations spectrophotometrically in the fractions in FF-DM (n ¼ 7), FF-NDM (n ¼ 3), and 1 age-, weight-, and sexmatched control swine (please see Supplemental Appendix for detailed methodology).
To evaluate insulin sensitivity, we calculated the quantitative insulin sensitivity check index, (QUICKI), as [1/[(log(I 0 ) þ log(G 0 )], in which I 0 is the fasting plasma insulin level in mU/ml, and G 0 is the fasting blood glucose level in mg/dl, at 9, 12, and 15 months. Study flow chart (A) and matching of invasive imaging (B and C). The coronary angiograms (B1 and C1) were used to match the OCT (B3 and C3) and NIRS pullbacks (B2 and C2) within and at the various time points. Large side branches on the coronary angiogram (I to IV) were indicated on the NIRS chemogram (B2 and C2, green lines, I to IV) and matched to the OCT cross-sections (B3 and C3, I to IV). *Guidewire. FF-DM ¼ fast-food-fed swine with diabetes mellitus; FF-NDM ¼ fast-food-fed swine without diabetes mellitus; M ¼ month; NIRS ¼ near-infrared spectroscopy; OCT ¼ optical coherence tomography; SB ¼ side branch; W ¼ weeks. van Ditzhuijzen et al.
Coronary Atherosclerosis Imaging in FF-DM and FF-NDM Swine O C T O B E R 2 0 1 6 : 4 4 9 -6 0 colors. The colors correspond to the probability that LCP is present, with red indicating low probability and yellow high probability (red ¼ p # 0.57; orange ¼ 0.57; # p < 0.84; tan ¼ 0.84 # p < 0.98; yellow ¼ p $ 0.98) (9) . In the current analysis, yellow, tan, or orange blocks were considered NIRSpositive.
See the Supplemental Appendix for description of the CCTA acquisition methods. CCTA was performed using the electrocardiography (ECG)-gated spiral scan mode. Data sets with optimal image quality were reconstructed mainly in the mid-to enddiastolic phase, with a slice thickness of 0.75 mm at an increment of 0.4 mm. Coronary lesions were classified as high-density or low-density as described previously (10) . High-density was recognized as >220 HU, low density as <220 HU.
EX VIVO ASSESSMENT. Sacrifice was scheduled after imaging at 12 months (n ¼ 3 FF-DM, n ¼ 2
The hearts were removed, and the coronary tree was dissected free and placed in cold, oxygenated Krebs bicarbonate buffer solution or fixed in formalin. 
RESULTS
In all 13 swine plasma measurements were obtained.
In Figure 3A , average plasma insulin, glucose, and cholesterol levels at the time of anesthesia were documented at 9, 12, and 15 months. TC, LDL, HDL, and triglyceride levels were higher in FF-DM and FF-NDM swine than in age-, weight-, and sex-matched control swine (TC: 2.14 AE 0.6 mmol/l; HDL: 0.94 AE Table 1 ).
OCT demonstrated focal lesions that were highly variable in presence, location, and morphology. van Ditzhuijzen et al. 
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